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ABSTRACT 


A  theoretical  analysis  of  the  turbulent  wake  behind  a  body 
of  revolution  has  been  made,  and  an  equation  for  the  velocity  dis¬ 
tribution  in  the  wake  has  been  found  in  terms  of  four  constants 
which  are  determined  from  experiments.  Measurements  of  the  velocity 
distribution  in  the  wake  behind  twelve  bodies  of  revolution  are 
presented,  and  the  four  constants  for  each  body  are  derived. 

A  generalization  of  the  empirical  constants  in  terms  of 
body  drag  coefficient  is  made.  Calculation  velocity  distributions 
using  the  empirical  constants  compare  satisfactorily  with  measured 
distributions. 
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SECTION  1 
INTRODUCTION 

The  turbulent  wake  behind  a  body  In  subsonic  flow  has 
been  the  subject  of  theoretical  Investigations  by  several 
authors  (Refs  1,2,3#^).  These  investigations,  which  consider 
both  two  and  three  dimensional  wakes,  are  given  extensive 
review  in  Ref  5. 

No  mathematically  accurate  solution  has  thus  far  been 
obtained  for  the  flow  field  in  a  wake,  and  the  authors  have 
made  assumptions  which  cause  their  results  to  agree  with 
experiments  only  relatively  far  downstream  from  the  body. 
However,  in  problems  of  aerodynamic  deceleration  the  velocity 
and  pressure  distribution  in  the  wake  must  be  known  much 
closer  behind  the  wake  producing  body.  Prompted  by  this,  in 
Ref  6,  an  expression  for  the  flow  field  behind  bodies  of 
revolution  was  derived  in  terms  of  an  Independent  constant 
which  was  determined  from  a  knowledge  of  the  pressure  at  the 
center  of  the  wake.  But  since  this  method  was  intended  to 
describe  primarily  the  wake  of  a  relatively  streamlined  body 
at  distances  4  to  6  diameters  downstream  it  did  not  provide 
good  results  at  lesser  distances,  and  was  particularly 
unsatisfactory  for  blunt  bodies  (Ref  7). 

In  order  to  make  the  theory  more  applicable  for 
streamlined  bodies  as  well  as  for  blunt,  particularly  in  the 
region  close  behind  the  body,  it  was  suggested  that  certain 
classical  assumptions  usually  considered  valid  far  downstream, 
be  replaced  by  empirical  expressions  derived  from  experi¬ 
mental  data  related  to  the  near  base  region  (Ref  8) .  In  uhls 
fashion.  Ref  9  derived  a  method  including  empirical  constants 
determined  from  measured  velocity  distributions  in  the  wake 
behind  bodies  of  revolution  with  drag  coefficients  varying 

Manuscript  released  by  the  authors  Becember  19b2  for 
publication  as  an  ASD  Technical  Documentary  Report. 
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from  0,19^  to  1.4.  This  method  was  very  promising  and  is 
further  pursued  in  the  present  study. 

In  particular  this  report  then  presents  the  develop¬ 
ment  and  derivations  of  empirical  relationships  of  the  wake 
characteristics  and  their  generalization  in  terms  of  drag 
coefficients.  Furthermore,  the  calculated  velocity  distri¬ 
butions  based  on  the  direct  and  the  generalized  coefficients 
are  compared  with  experimental  results . 


SECTION  2 

THEORETICAL  VELOCITY  DISTRIBUTION 


2.1  Coordinate  System  and  Geometry 

It  is  customary  in  analyzing  the  turbulent  wake  behind 
a  body  of  revolution  at  rest  In  a  moving  fluid  to  use  a 
cylindrical  coordinate  system  (X,  r,  ©  )  as  shown  In  Pig  1, 


PIG  1.  COORDINATE  SYSTEM  AITO  VELOCITY  DISTRIBUTION  BEHIND 

A  BODY  OP  REVOLUTION 


The  body  Is  suspended  in  a  uniform  flow  field  of  velocity  V* 
with  Its  axis  parallel  to  the  direction  of  flow.  The  dis¬ 
tance  X  Is  measured  downstream  from  the  base  of  the  body,  r 
Is  measured  perpendicular  to  the  X-axls,  and  0  Is  defined 
In  the  usual  manner.  The  mean  velocities  In  the  X,  r  and© 
directions  are  V,  v  ,  and  v  respectively.  The  difference 
between  the  free  stream  velocity  and  the  velocity  of  the 
disturbed  flow  In  the  wake,  V,  Is  the  velocity  defect  u. 

The  radial  width  of  the  wake,  b,  increases  with  Increasing 
distance  downstream,  while  the  velocity  defect  on  the  center- 
line  decreases. 
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2.2  The  Equation  of  Motion 

In  analysis  of  boundary  layer  phenomena,  one  may  assume 
that  the  variation  of  velocity  perpendicular  to  the  X-axis  Is 
large  compared  to  that  along  the  X-axls,  and  that  the  pressure 
gradient  In  the  X-dlrectlon  may  be  neglected.  Then  assuming 
constant  density,  the  equation  of  continuity  Is 

a(ru)  ^  a(rvr)  .  ^  (1) 

0x  0r  ■  ^ 


with  the  further  asstanptlon  that  the  laminar  shearing  stress 
can  be  neglected  compared  to  the  turbulent  shearing  stress, 
which  Is  valid  everywhere  except  near  solid  boundaries,  the 
differential  equation  of  motion  In  the  X-dlrectlon  can  be 
written  for  Incompressible  flow  as 


♦Vr 


Ml 

arj 


1  a(rr) 

r  0r 


(2) 


Where  'C  represents  the  turbulent  shearing  stress,  expressed 
In  cartesian  coordinates  as 

r  •  (3) 

There  Is  no  exact  expression  for  the  "apparent" 
kinematic  viscosity  g  ;  the  expression  used  In  this  deri¬ 
vation  Is  Prandtl's  hypothesis 

6  =  K  t)(u„^-  ,  (4) 

where  b  is  the  radial  width  of  the  wake  and  jf  is  a  constant 
determined  by  experiment.  Introducing  Eqns  2  and  3*  Eqn  1 
becomes 


In  the  wake,  a  few  diameters  downstream,  it  can  be  assiimed 
that  u  and  v^,  are  small  compared  with  .  Also,  =  0 
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and  always  occurs  on  the  centerline.  Therefore  the 

equation  of  motion  of  flow  in  the  wake  of  a  body  of  revolu¬ 
tion  is 


2.3  The  Solution 

In  order  to  obtain  a  solution  of  Eqn  5^  and  in  view 
of  Refs  2,  and  4,  the  assumptions  are  made  that  the  velo¬ 
city  distributions  in  different  cross  sections  of  the  wake 
are  similar,  and  that  the  wake  radial  width  b  and  the  velocity 
defect  on  the  centerline  vary  with  X  according  to  some 

power  law.  These  assumptions  can  be  expressed  as 


(6) 

b=KX'^ 

(7) 

u=V.'J2 

(8) 

where  m  and  n  are  unknown  constants .  To  evaluate  these  con¬ 
stants  (Ref  5)^  the  equation  of  motion,  Eqn  2,  is  written 
with  the  assumption  that  u  and  v^  are  small  compared  to 
V,  ,  as 


eu  _  1  e(rr) 
•  Ox  rp  0r 


(9) 


Employing  Prandtl's  mixing  length  hypothesis,  £  =L^|^ 
the  turbulent  shear  stress  can  be  written  as 


du 

dr  ’ 


(10) 


where  L  is  the  mixing  length.  Utilizing  Eqn  8,  we  obtain: 
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—  =  — ^  fV») 
Qr  vm*n  J  '  « •' 


X" 


where  the  superscript  (•)  Indicates  differentiation  with 
respect  to  Jp  .  Using  Prandtl's  assumption  that  the  mixing 
length  is  proportional  to  the  wake  width,  yields  the 
relationships  (using  Eqn  7) 

L  oc  b  =  KX" 


or 

Lo‘^X"  . 


Then  from  Eqn  10, 


T  (7)|  f'm 

=  const  . 


Differentiation  gives 


ar 

dr 


^  (2m» 
=  const  •2X 


f'iWW 


so  that 


J_  .  X  + 1  il 
r/>  ar  ~  rp  p  ^ 

[/\vi  const '2  ^2m»n) 

xV7  ~r~^ 


JL.  Q(rr) 
rp  dr 


^(2m*n) 


(11) 


Similarly, 

V 

''-ax 

or 


\4,^  «x'^^[nnf(7?)  +  n7?f'(7?)]  . 


ax 


(12) 


Then  using  Eqns  11  and  12,  Eqn  9  becomes 


For  both  sides  of  this  equation  to  be  of  the  same  order  of 
X  requires  that 

^(m*i)  _  ^-<2m*n) 


which  gives 

m  +  n  =  1  .  (13) 

A  second  relationship  between  m  and  n  can  be  obtained 
from  the  relationship  between  aerodynamic  drag  and  the  momen¬ 
ta  change.  If  u  is  assumed  to  be  much  smaller  than  , 
the  drag  can  be  expressed  as 


Di  =  2rrpV^J^urclr  =  const 


Then  using  Eqn  8,  we  have 


X"d7j  =  const 
Oy  s  X^"""  =  const  • 


Therefore 


2n-rn  =  o  • 


(14) 


(15) 
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Now  combining  Eqns  13  and  15  yields 

m  =2/3 

n  5  1/  3  • 

These  values  are  the  same  as  those  found  by  Swain  and 
Schllchtlng  using  a  different  approach.  We  may  now  write 
Eqns  6,  7,  and  8  as 


b  =  KX^'^ 


(6a) 

(7a) 

(8a) 


It  Is  now  possible  to  write  a  solution  of  the 
differential  equation  of  motion  (Eqn  5)  using  Eqns  6a,  7®^, 
and  8a.  This  solution  is  assumed  to  be  of  the  form 


u  =  Umax© 


(16) 


where 


u  -  A\4. 


(17) 


and  s  Is  an  unknown  constant.  To  evaluate  this  constant  s, 
the  values  of  the  terms  of  the  differential  equation  of 
motion  (Eqn  5)  are  determined  as: 


and 


V_^  =-|  ^(1^s7^)e' 


0U 

•ax 


sn‘ 


L  §}£  2A\LS  .572 
r  ar  -  x^ 


ar2 


2A\Ls 
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Substituting  these  expressions  into  the  differential  equation 
of  motion,  we  have 

=  0  (18) 

from  which  we  obtain 


^  -  1 

The  solution  (Eqn  l6)  of  the  differential  equation  of  motion 
may  now  be  written  as 

^  ^  ' 

To  determine  the  constants  and  Cg,  we  use  the  boundary 
conditions  for  the  wake; 

a)  u  =  0  for  r  =  7  =  a> 

b)  u  =  for  r  =5?  =  0  . 

The  constants  are  thus  determined;' 

Cj  =  1, 

Cg  =  0. 

Therefore  the  velocity  has  the  Gaussian  distribution 

U  =  ^  e  ^  •  (19) 

We  can  now  substitute  Eqn  6a  back  into  this  expression 
and  obtain 


9 


e"  . 


Or,  making  this  expression  dimensionless  gives. 


U.  - 

v«  ■  (X/D)^3  e 


6J»K'A'(XO)?0 


(20) 


Reference  6  presents  expressions  for. A  and  K  In  terms 
of  the  drag  coefficient  and  area  S  of  the  body  and  the 
empirical  parameter  .  The  final  form  of  that  solution  Is 


0.10 


nVa  Q!4is(«yR)^ 


(X/D)?r3(CDtr*^)^ 


(21) 


2.4  Modification  for  the  Close  Body  Range 

In  an  attempt  to  obtain  a  relationship  that  expresses 
the  flow  field  close  behind  the  body  (X/D  ^4),  It  was  pro¬ 
posed  (Eqn  7a)  that  the  exponent  n  =  1/3  of  the  wake  width 
law  and  the  exponent  m  =  2/3  of  the  centerline  velocity 
defect  law  (Eqn  1?)  be  replaced  by  empirical  values  obtained 
from  pertinent  experiments. 

Again  we  consider  the  differential  equation  of  motion, 

Eqn  3, 


V« 


Ou 

0X 


^l5Umax[p 


(5) 


Or,  In  the  dimensionless  form,  we  have 

^au _ -tfku  r  1  au  , 

2  a(X/D)  R  "^l(r'/R)a(r/R)  0(r/R)2 

As  In  the  original  theory,  the  following  assumptions  are 
made  concerning  the  wake,  with  all  relations  now  made 
dlmens lonless : 


(5a) 


10 


£ 

R 


n 


(22) 


(23) 


Umax  -  3  , 

v«  ■  (Vd)"' 


(24) 


Following  the  empirical  concept  we  will  leave  the  constants 
a,  k",  m,  and  n  arbitrary. 

Ass\jmlng  a  solution  of  the  same  form  as  in  the 
original  theory  (Ref  6)  we  have 


U  =  Upnax  ® 


-  a  V, 


(X/D)'" 

The  Indlvid-ual  terms  of  Eqn  5a  can  now  be  evaluated  as; 
.. .  s  Vaa f m +  250  7?''^ 

a(X/D)  ^  ^  , 


(25) 


Ou 


=  2as;7'- 


,2 


and 


0(r/R)  '  (X/D)"’*" 

a(r/R)2  -  (X/D)'”*^'’  n^2S7?  ) 


Introducing  these  relationships  into  Eqn  5a  yields  the 
quadratic  solution  for 


r 


2 

(X/D)"’*n-i 


S2  . 


'eAW"a 

.(X/D)'^"*'' 


s  +  m 


=  0  • 


(26) 


Employing  the  quadratic  formula,  we  obtain  the  rather 
complicated  solutions  for  s. 


11 


Si;2 


r  4j<k"a 
L(xyD)f»wM 


4Ak"a 


II  r  J  (x/D)m*n-i 


-4H  Kjra  , 
(X/D>'n*''-1 


(27) 


It  does  not  seem  possible  to  reduce  this  expression  in  order 
to  obtain  a  practical  exponent  for  the  velocity  profile. 
However,  by  assiomlng  temporarily  that  m  =  2n,  the  quantity 
under  the  radical  becomes  a  perfect  square,  and  we  can  obtain 
the  much  simpler  solutions 


and 


s,.  - 


S2-  - 


1 


4j<k"a 


n(x/D)'"'^i 


1 


Using  these  results,  Eqn  25  becomes 

,.2 


U  =  Umax  e 


"(X/D)'^'^’ 


+  c;  e 


•’] 


An  application  of  the  boundary  conditions 
a)  u  =  0  for  r  =  jj'-  CO 

u=  Umax  V  -  7f'  -  0  , 

determines  the  values  of  the  constants  and  Cg  to  be 


Thus  the  velocity  distribution  in  the  wake  of  a  body  of 
revolution  is  expressed  by  the  equation 


12 


2 


2 


- 

4Ak''» 

^  =  Umax  e  n(X/D)"^"' 


av„ 

(X/D)m  e  n(x/D)m«n-i 


Or,  Introducing  Eqn  22,  we  obtain 


U 


aV«. 

(X/D) 


m 


(r/R)2 _ 


(28) 


Thus,  we  have  obtained  a  velocity  distribution  equa¬ 
tion  with  the  four  constants,  m,n,a,  and  k"  left  arbitrary. 
It  cam  be  seen  that  this  equation  is  of  the  same  form  as 
that  of  the  original  theory,  and  In  fact>  If  the  values 
m  =  2/3  and  n  =  1/3  are  substituted  into  Eqn  28,  taking  into 
account  the  fact  that  the  equation  is  dimensionless,  it  Is 
observed  that  Eqn  28  is  Identical  to  Eqn  19. 


2.5  The  Parameter 

In  Ref  6,  the  constant  was  determined  by  experiment 
so  as  to  force  the  theoretical  and  experimental  velocity  pro¬ 
files  to  agree  on  the  centerline.  Since  in  this  analysis 
the  constants  a,  k",  m,  and  n  are  arbitrary,  it  is  desirable 
to  express  in  terms  of  these  constants .  Let  the  wake 
boundary  be  defined  as  that  point  where  the  velocity  defect 
is  10  percent  of  the  local  maximum  velocity  defect,  l.e., 

(V.  -  V,,)  /  (V«  -  =  0.10.  with  the 

constants  of  the  wake  width  law  accordingly  determined,  we 
have  at  the  wake  botmdary  (using  Eqn  23) 


or 


U 


=  Umax  e 


Uh 


0.10  =  e 


This  gives 

9,20  a 

Determination  of  In  this  manner  Insures  agreement  of 
theoretical  eind  experimental  velocity  profiles  both  at 
centerline  and  at  the  arbitrary  boundary  of  the  wake. 

The  velocity  distribution  equation  now  becomes 

_  ( r/R)^ 

U.  _  a  ^  0.435  k*2(x/D)2n 

V.  ■  (X/D)"’ 

Comparing  this  relationship  with  Eqn  21  shows  agreement  with 
the  solution  of  Ref  6.  With  the  determination  of  the 
arbitrary  wake  width  and  centerline  defect  laws  from  experi¬ 
ments,  Eqn  30  predicts  the  velocity  distribution  behind  any 
body  of  revolution. 


(29) 

the 

the 


(30) 
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SECTION  3 
EXPERIMENTS 


3.1  Velocity  Distribution 

Wind  tunnel  tests  have  been  conducted  to  determine 
experimentally  the  velocity  distributions  behind  the  twelve 
bodies  of  revolution  shown  In  Pig  2.  The  details  of  the 
experimental  procedure  and  data  reduction  are  presented  In 
Ref  10.  Experimental  results  for  the  region  2  S  X/D  <  20 
are  presented  in  Tables  A-1  through  A-12,  and  for  the  region 
2  S  X/D  i  l6  are  shown  In  Pigs  A-1  through  A-12  (Appendix) . 
These  tabular  and  graphic  results  are  taken  from  Ref  8. 

3.2  Wake  Width 

With  the  wake  botindary  defined  as  In  previous  sections, 

that  Is,  u, /u  =  0.10,  the  experimental  wake  widths  b/R 
'  b'  max 

were  measured  for  each  X/D  position  for  the  twelve  bodies. 

These  wake  boundaries  are  Indicated  on  Pigs  A-1  through  A-12 
(Appendix),  and  are  tabulated  In  Table  1. 

The  power  law  expression  of  Eqn  22  Indicates  that 
these  experimental  wake  widths  should  plot  as  straight  lines 
on  log-log  coordinate  paper.  Pigures  A-13  through  A-24 
(Appendix)  present  such  graphs  for  each  body  tested.. 

It  was  found  that  an  approximate  representation  of 
wake  width  In  the  region  2  <  X/D  i  20  could  be  obtained  by 
assuming  a  straight  line  through  the  experimental  wake  widths 
(the  one-line  approximations  of  Pigs  A-13  through  A-24, 
Appendix) .  The  constants  k"  and  n  determined  from  these 
straight  lines  (Ref  8)  are  presented  in  Table  2.  Prom  these 
figures.  It  Is  seen  that  a  one -line  approximation  is  more 
accurate  for  the  streamlined  bodies  than  for  the  bluff 
bodies . 

Since  the  region  2  <  X/D  8  is  of  special  Interest 
in  problems  of  aerodynamic  deceleration,  a  better  representa¬ 
tion  behind  the  bluff  bodies.  Models  B  through  E,  may  be 
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FIG  2.  BODIES  OF  REVOLUTION 


TABLE  1.  EXPERIMENTAL  WAKE  WIDTHS 


MODEL 

Vd=2 

4 

6 

8 

10 

12 

16 

20 

A 

1.70 

2.55 

3.50 

3.70 

4.00 

4.50 

6.00 

6.30 

B 

1.86 

2.20 

2.60 

3.05 

3.70 

4.10 

4.60 

5.40 

C 

% 

WBm 

2.25 

2.55 

2.90 

3.40 

4.00 

4.50 

5.00 

D 

RR9 

2.80 

im 

3.80 

4.20 

4.80 

E 

% 

2.15 

2,50 

2.80 

3.10 

3. SO 

4.60 

5.00 

F 

% 

2,50 

2.80 

Hi 

1-20 

G 

HRI 

m 

m 

mm 

BSRI 

Hi 

H 

mm 

3.00 

r~  • ' " 
3.30 

1 

% 

1.20 

1.75 

1.95 

2.00 

2.00 

2.30 

2.50 

J 

wm 

0.80 

0.98 

1.65 

1.55 

1.75 

1.85 

2.40 

2.80 

K 

%. 

0.72 

0.85 

1.20 

l./fO 

1.60 

1.90 

2.20 

2.30 

L 

% 

0.82 

0.90 

1.50 

1.75 

1.70 

1.70 

2.20 

2.50 

TABLE  2,  EMPIRICAL  WAKE  WIDTH  CONSTANTS 


MODEL 

^0«, 

2<X/D<20 

2  ^  X/D  <  8 

8^X/D^20 

k" 

n 

k" 

n 

k* 

n 

A 

1.40 

1.14 

0.582 

B 

1.11 

1.26 

0.454 

1.39 

0.368 

0.788 

0.642 

C 

1.03 

1.33 

0.394 

1.36 

0.365 

Will 

D 

0.836 

1.34 

0.384 

1.30 

0.384 

E 

0.743 

1.32 

0.393 

1.33 

0.358 

0.678 

F 

0.577 

0.488 

■■ 

G 

0.425 

H 

0.350 

0.665 

I 

0.230 

0.81c 

0.376 

J 

0.206 

0.522 

K 

0.197 

0 

• 

vO 

0.531 

L 

0.194 

0.565 

0.491 
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obtained  by  assuming  one  straight  line  approximation  In  the 
region  2  i  X/D  £  8  and  a  second  In  the  region  8  i  X/D  i  20 
(the  two-llne  approximations  of  Pigs  A-l4  through  A-17). 

These  constants  are  also  presented  In  Table  2. 

Using  the  constants  from  the  one-llne  approximations, 
the  empirical  wake  widths  were  calculated  for  all  bodies, 
and  are  shown  superimposed  on  the  upper  halves  of  Pigs  A-1 
through  A-12  (Appendix).  It  Is  seen  that  this  approximation 
Is  quite  accurate  for  the  streamlined  bodies.  Models  P 
through  L,  and  also  for  Model  A.  The  wake  widths  based  on 
the  two-llne  approximations  were  also  calculated,  and  are 
shown  superimposed  on  the  lower  halves  of  Pigs  A-2  through 
A-5;  this  approximation  is  seen  to  be  quite  satisfactory  for 
these  bluff  bodies . 

3._3  Centerline  Velocity  Defect 

Using  the  same  technique  as  used  in  determining  the 
wake  widths,  the  maiximvun  velocity  defects  for  each  body  have 
been  plotted  on  log-log  coordinate  graph  paper  in  order  to 
determine  the  empirical  constants  a  and  m.  (The  data  used  in 
plotting  these  graphs  Is  presented  in  Table  3) .  Again,  a 
one -line  approximation  for  2  <  X/D  <  20  can  be  made  for  all 
models.  However,  It  is  seen  that  one-line  approximations 
will  be  accurate  for  the  streamlined  models.  Models  P 
through  L,  while  for  the  bluff  bodies.  Models  A  through  E, 
the  two-llne  approximation,  one  for  2  ^  X/D  •S.  8  and  a  second 
for  8  <  X/D  S  20,  was  more  accurate.  Table  4  presents  the 
constants  a  and  m  determined  from  both  the  one-llne  and  the 
two-llne  approximations.  It  should  be  noted  that  the  devia¬ 
tion  of  the  experimental  points  from  the  straight  line 
approximations  in  Pigs  A-25  through  A-36  (Appendix)  will  be 
directly  reflected  In  a  deviation  of  the  calculated  velocity 
profiles  from  the  experimental  ones  on  the  wake  centerline . 
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TABLE  3.  CENTERLINE  VELOCITY  DEFECTS 


MODEL  ||Vd=2 


4 

6 

8 

10 

12 

16 

20 

0.25 

0.13 

0.09 

0.08 

— 

0.07 

0.06 

0.05 

0.31 

0.16 

0.11 

0.09 

0.08 

0.06 

0.05 

0.34 

0.15 

0.11 

0.09 

0.08 

0.07 

0.06 

I 

I 

0.10 

0.08 

0.07 

0.07 

0.29 

0.14 

0.10 

0.09 

0.07 

0.06 

0.05 

0.20 

0.12 

0.09 

0.07 

0.06 

0.05 

0.04 

0.20 

iffli 

0.10 

0.07 

0.07 

0,06 

0.05 

0.12 

0.10 

0.07 

0.07 

0.06 

0.05 

EKi 

0.19 

0.14 

0.10 

0.10 

0.08 

0.07 

0.05 

0.25 

0.12 

0.15 

0.11 

0.10 

0.08 

0.05 

0.29 

0.17 

0.14 

0.15 

0.12 

0.08 

0.08 

m 

0.12 

0.11 

0.10 

0.07 

TABLE  4.  EMPIRICAL  VELOCITY  DEFECT  CONSTANTS 


MODEL 


2<X/D^20I  2< 


m  a 


<8  |8<X/D<20 


A 

1 .40 

0.73 

0.93 

1.70 

1 .41 

0.34 

0.64 

B 

1.11 

1 .62 

1.21 

2.25 

1.45 

0.66 

0.86 

C 

1 .03 

1 .08 

1 .02 

2.97 

1 .63 

0.32 

0.56 

D 

0.836 

1.00 

0.84 

1.79 

1.41 

0.39 

0.69 

E 

0.743 

0.93 

0.73 

2,41 

1.53 

0.48 

0.76 

0.577 


0.42 


0.350 


0,230 


0.206 


0.197 


0.194 


0.81  1 .03 


0.28  0.61 


0.46  0.70 


0.66  0.79 


0.71  0.76 


0.64  0.74 
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3.4 


Velocity  Profiles 

Using  the  constants  a,  k",  m,  and  n  presented  In 
Tables  2  and  4  (using  the  two-llne  approximations  where 
appropriate),  velocity  profiles  were  calculated  for  all 
models  and  all  X/D  positions  from  Eqn  30.  These  calculated 
profiles  are  shown  as  the  solid  curves  on  Figs  A-1  through 
A-12  (Appendix) .  It  Is  seen  that  a  very  accurate  representa¬ 
tion  of  velocity  distribution  behind  all  bodies  of  revolu¬ 
tion  at  all  distances  downstream  greater  than  X/D  =  2  Is 
obtained.  In  those  cases  where  deviations  occur.  It  Is 
either  because  the  velocity  on  the  centerline  deviates  from 
the  straight  line  assumption,  or  because  the  experimental 
velocity  profile  Is  not  a  Gaussian  distribution.  In  the 
first  case,  a  better  fit  could  be  obtained  by  using  the 

exact  value  of  u  rather  than  that  predicted  by  the  straight 
ni3.x 

line  assumption.  This  method  would  be  similar  to  the  one 
employed  In  Ref  6. 
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SECTION  4 

GENERALIZED  VELOCITY  DISTRIBUTIONS 


4.1  Introduction 

If  the  method  of  determining  the  velocity  distribu¬ 
tion  in  the  wake  of  a  body  of  revolution  set  forth  above  is 
to  be  useful  in  predicting  the  velocity  and  pressure  distri¬ 
bution  behind  any  general  body  of  revolution,  it  is  desirable 
to  be  able  to  predict  the  values  of  the  empirical  constants 
a,  k",  m,  and  n  merely  from  a  knowledge  of  some  easily  deter¬ 
mined  parameter  of  the  body,  such  as  its  drag  coefficient. 
This  should  be  possible,  since  one  would  intuitively  expect, 
for  example,  a  continuously  decreasing  initial  width  of  the 
wake  with  decreasing  drag  coefficient,  corresponding  to  a 
continuously  decreasing  value  of  the  constant  k”. 

4.2  Empirical  Constants 

Since  the  values  of  the  empirical  constants  a,  k", 
m,  and  n  have  been  determined  for  bodies  with  a  wide  range 
of  drag  coefficients,  the  postulated  variations  of  the  wake 
characteristics  should  be  readily  apparent.  Furthermore,  one 
may  be  willing  to  accept  a  certain  amount  of  inaccuracy  and 
agree  basically  to  a  one -line  approximation  and  plot  the 
constants  a,  k",  m,  and  n  as  determined  on  semi -logarithmic 
coordinate  paper  as  functions  of  the  drag  coefficients 
(Figs  3  through  6) . 

Allowing  for  experimental  deviations,  one  observes 
that  the  constants  m  and  n  can  be  assiamed  to  be  universal 
constants  in  the  region  2  s  X/D  5  20.  If  this  range  would 
be  reduced  to  say  4  S  X/D  <  10,  the  agreement  would  be  even 
better.  The  values  derived  from  Figs  3  and  4  are: 

m  =  0.85  (31) 
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FIG  3.  EMPIRICAL  CENTERLINE  VELOCITY  CONSTANT 
m  AS  A  FUNCTDN  OF  DRAG  COEFFOENT 


Cd 


FIG  4.  EMPIRICAL  V\AKE  WIDTH  CONSTANT  n  AS  A 
FUNCTION  OF  DRAG  COEFFICIENT 
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FIG  a  EMRFilCAL  WAKE  WDTH  CONSTANT  k’  AS  A 
FUNCTION  OF  DRAG  COEFFIOENT 
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and 

n  =  0.47  .  (32) 

There  Is  an  obvious  and  significant  deviation  between 
these  empirical  values  and  the  classical  values  of  m  and  n 
assumed  far  downstream  to  be  2/3  and  1/3  respectively.  But, 
It  Is  also  noted,  that  the  assumption  m  =  2n  used  in  the 
solution  of  Eqn  27  Is  quite  accurate. 

Evaluating  the  relationships  of  Pigs  5  and  6,  It  is 
found  that  the  f\inctlonal  dependence  of  the  constants  a  and 
k”  on  the  drag  coefficients  In  the  region  2  5  X/D  ^  20  can  be 
expressed  as 


a  =  0.42  e°*^^  (33) 

and 

k”  =  0.54  e°*®^  ^  (34) 

A  comparison  between  these  generalized  characteristic 
values  and  those  given  in  the  Tables  1,  2,  3t  and  4  indicates 
a  generally  good  agreement  and  one  may  conclude— that  the 
calculated  curves  in  Figs  A-1  through  A-12  do  also  represent 
wake  characteristics  obtained  from  the  generalized 
coefficients . 
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TABLE  A- 1 .  EXPER I  MENTAL  VELOC I T  Y 
IN  WAKE  OF  MODEL  A 


DISTRIBUTION 


7.67 


5.67 


4.67 


4.00 


2.00 


2 


1 .00 


1 .00 


1  .00 


1  .00 


1 .00 


1  .00 


0.94 


0.76 


0.40 


0.26 


UOO 


1 .00 


1  .00 


1.00 


1 .00 


1.00  1.00 


1 .00  1 .00 


1 .00  1 .00 


1 .00  0.99 


0.94  0.93  0.94 


0.84  0.88  0.92 


0.80  0.88  0.90 


0.91 


10 

12 

16 

1  .00 

1  .00 

1  .00 

1  .00 

1  .00 

0.99 

1  .00 

1  .00 

0.96 

0.99 

0.99 

0.96 

0.96 

wm 

HBII 

0.96 

0.96 

0.95 

0.94 

0.95 

0.94 

0.93 

0.95 

0.94 

0.93 

0.94 

IHHI 

0.93 

0.94 

0.92 

0.93 

0.94 

1 .00 

0.97 

0.96 

0.96 

0.96 

0.96 

0.96 

1 .00 

1 .00 

0.99 

0.96 

0.96 

0.96 

0.97 

1 .00 

1 .00 

1 .00 

0.99 

0.99 

0.99 

0.96 

1.00 

1 .00 

1 .00 

1.00 

1 .00 

1 .00 

0.96 

1.00 

1.00 

1 .00 

1 .00 

1 .00 

0.99 

1 .00 

1.00 

1.00 

1.00 

1 .00 

1.00 

1 .00 

20 


1.00 


0.99 


0.99 


0.96 


0.97 


0.96 


0.96 


0.96 


0.96 


0.9 


0.95 


0.95 


0.95 


■mil 

0.91 

0.95 

0-60 

0.26 

0.87 

0.93 

0.93 

0.94 

0.95 

1.07 

0.40 

0.80 

0.88 

0.90 

0.93 

0.93 

0.94 

0.96 

RBI 

0.76 

0.84 

0.68 

0.92 

0.94 

0.93 

0.94 

0.96 

0.96 


TABLE  A- 


2.  EXPERIMENTAL 
IN  WAKE  OF 


M) 


VELOCITY  DISTRIBUTION 
MODEL  B 


12 

16 

1.00 

1.00 

0.98 

0.99 

0.98 

0.98 

0.97 

0.97 

0.96 

0.96 

0.95 

0.95 

0.94 

0.95 

0.92 

0.94 

0.92 

0.94 

0.92 

0.94 

0.92 

0.94 

0.92 

0.94 

0.92 

0.94 

0.92 

0.94 

0.92 

0.94 

BBB 

0.93 

0.95 

0.94 

0.95 

0.95 

0.95 

0.96 

0.96 

0.95 


0.95 


0.94 


0.95 


0.95 


0.94 


0.95 


0.95 


nivi 


1.00  1.00 


4.70  I  1.00  1.00 


1.00  0.99 


1.00  1.00 


0.99  0.98 


1.00  1.00 


TABLE  A-3.  experimental  VEUDCITY  DISTRIBUTION 
IN  WAKE  OF  MODEL  C 
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TABLE  A-4.  EXPERIMENTAL  VELOCITY  DISTRIBUTION 
IN  WAKE  OF  MODEL  D 


"^R 

Vd 

2 

4 

6 

8 

10 

12 

16 

20 

7.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

5.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.00 

1.00 

0.99 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

3.33 

1.00 

0.99 

0.99 

1.00 

0.99 

0.99 

0.98 

0.98 

2.67 

1.00 

0.99 

0.99 

0.99 

0.98 

0.98 

0.98 

0.98 

2.00 

1.00 

0.96 

0.96 

0.96 

0.96 

0.96 

0.96 

0.96 

1.33 

0.66 

0.85 

0.90 

0.92 

0.93 

0.94 

0.95 

0.96 

1.07 

0.41 

0.82 

0.89 

0.92 

0.92 

0.93 

0.94 

0.96 

V 

0.80 

0.17 

0.79 

0.88 

0.90 

0.92 

0.93 

0.94 

0.96 

Vco 

WSi 

BSi 

mm 

|!9i 

0.90 

0.92 

0.93 

0.94 

0.96 

SR 

Bni 

0.86 

0.90 

0.92 

0.93 

0.93 

0.96 

o.u 

0.75 

0.86 

0.90 

0.92 

0.93 

0.93 

0.96 

0-86 

^^9 

0.92 

im 

0.96 

0.92 

0.96 

Rffll 

ISRI 

0.Q6 

1.07 

o.u 

0.82 

0.89 

0.92 

0.92 

0.93 

0.94 

0.96 

mnl 

0.90 

mm 

wm 

in 

1.00 

0.99 

0.99 

0.98 

0.98 

0.98 

0,98 

0.98 

1.00 

1.00 

0.98 

0.98 

1.00 

1.00 

1,00 

1.00 

1.00 

H 

0.99 

R^RI 

IR^Ri 

Hl^9 

IHRfRil 

[RiR 

5.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

_ 

HS 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 
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IN 


"/r 

2 

4 

7.67 

1.00 

1.00 

5.67 

1.00 

1..00 

4.67 

1.00 

1.00 

4.00 

1.00 

1.00 

3.33 

1.00 

1.00 

2.67 

0.94 

0.99 

2.00 

0.94 

0.97 

1.33 

0.68 

0.87 

V 

1.07 

0.40 

0.82 

0.80 

0.17 

0.77 

0.53 

0.00 

0.73 

0.27 

0.00 

0.71 

0 

0.00 

0.71 

Hi9 

0.00 

0.71 

0.53 

0.00 

0.73 

0.80 

0.17 

0.77 

1.07 

0.40 

0.82 

1.33 

0.68 

0.87 

2.00 

0.94 

0.97 

2.67 

0.94 

0.99 

3.33 

1.00 

1.00 

4.00 

1.00 

1.00 

4.67 

1.00 

1.00 

5.67 

1.00 

1.00 

7.67 

1.00 

1.00 

?IMENTAL  VELOCITY  DISTRIBUTION 
AKE  OF  MODEL  E 


% 

6 

8 

10 

12 

16 

20 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.99 

1.00 

1.00 

0.99 

0.99 

0.99 

0.98 

1.00 

1.00 

0.99 

0.99 

0.99 

0.98 

0.99 

0.98 

0.98 

0.98 

0.97 

0.97 

0.97 

0.96 

0.96 

0.96 

0.95 

0.96 

0.90 

0.92 

0.93 

0.94 

0.95 

0.95 

0.88 

0.90 

0.92 

0.94 

0.94 

0.95 

0.87 

0.90 

0.92 

0.94 

0.95 

0.95 

0.87 

0.90 

0.92 

0.94 

0.95 

0.95 

0.86 

0.90 

0.92 

0.94 

0.95 

0.95 

0.86 

0.90 

0.91 

0.93 

0.94 

0.95 

0.86 

0.90 

0.92 

0.94 

0.95 

0.95 

0.87 

0.90 

0.92 

0.94 

0.95 

0.95 

0.87 

0.90 

0.92 

0.94 

0.95 

0.95 

0.88 

0.90 

0.92 

0.94 

0.94 

0.95 

0.90 

0.92 

0.93 

0.94 

0.95 

0.95 

0.97 

0.96 

0.96 

0.96 

0.96  . 

0.96 

0.99 

0.98 

0.98 

0.98 

0.97 

0.97 

1.00 

1.00 

0.99 

0.99 

0.98 

0.9S 

1.00 

1.00 

0.99 

0.99 

0.99 

0.96 

1.00 

1.00 

1.00 

1.00 

1.00 

0.99 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

31 


TABLE  A-6.  EXPERIMENTAL  VEUDCITY  DISTRIBUTION 
IN  WAKE  OF  MODEL  F 


Vd 

2 

4 

6 

8 

10 

12 

16 

20 

7.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

5.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

3.33 

1.00 

1.00 

1.00 

1.00 

0.99 

1.00 

0.99 

0.99 

2.67 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.96 

2.00 

1.00 

0.99 

0.98 

0.97 

0.97 

0.97 

0.97 

0.97 

1.33 

0.92 

0.93 

0.94 

0.94 

0.94 

0.95 

0.96 

0.96 

1.07 

0.73 

0.87 

0.91 

0.93 

0.94 

0.94 

0.96 

0.96 

O.SO 

0.47 

0,84 

0.90 

0.92 

0.93 

0.94 

0.96 

0.96 

0.53 

0,20 

0.81 

0.90 

0.92 

0.93 

0.94 

0.96 

0.96 

0.27 

0.00 

0.80 

0.88 

0.92 

0,93 

0.94 

0.95 

0.96 

0 

0.00 

0.80 

0.88 

0.91 

0.93 

0.94 

0.95 

0.96 

0.27 

0.00 

0.80 

0.88 

0.92 

0.93 

0.94 

0.95 

0.96 

0.53 

0,20 

0.81 

0.90 

0.92 

0.93 

0.94 

0.96 

0.96 

0.80 

0.47 

0.84 

0.90 

0.92 

0.93 

0.94 

0.96 

0.96 

1.07 

0.73 

0.87 

0.91 

0.93 

0.94 

0.94 

0.96 

0.96 

1.33 

0.92 

0.91 

0.94 

0.94 

0.94 

0.94 

0.96 

0.96 

2.00 

1.00 

0.96. 

^^9 

iH9i 

Hl^ii 

IRB 

2.67 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.98 

IHRi 

1.00 

1.00 

1.00 

1.00 

mm 

l.CJO 

0.99 

4.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

5.67 

1.00 

1.00 

1.00 

1,00 

1.00 

1.00 

1.00 

1.00 

7.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 
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TABLE A-7.  EXPERIMENTAL  VEUDCITY  DISTRIBUTION 
IN  WAKE  OF  MODEL  G 


"/r 

2 

4 

6 

8 

10 

12 

16 

20 

7.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

5.67 

1.00 

l.CO 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

^^9 

1.00 

1.00 

1.00 

1.00 

1^91 

1.00 

1.00 

1.00 

2.67 

1.00 

1.00 

1.00 

1.00 

0.98 

1.00 

0.99 

0.99 

2.00 

1.00 

1.00 

0.98 

0.99 

0.95 

0.98 

0.98 

0.98 

1.33 

0.93 

0.95 

H9 

0.95 

0.94 

0.95 

0.96 

0.97 

0.82 

0.90 

H^9 

0.94 

0.95 

0.96 

0,96 

0.80 

0.68 

0.88 

0.90 

iffll 

0.93 

0.95 

0.95 

0.96 

m 

0.50 

0.82 

0.88 

0.92 

0.93 

0.95 

0.95 

0.96 

0.27 

0.33 

0.81 

0.88 

0.90 

0.92 

0.94 

0.95 

0.95 

0 

0.29 

0.80 

0.87 

0.90 

0.93 

0.93 

0.94 

0.95 

Ri 

0.81 

0,88 

0.90 

0.93 

0.94 

0.95 

0.95 

HH 

0.50 

0.82 

0.88 

0.92 

0.94 

0.95 

0.95 

0.96 

0.80 

0.68 

0.88 

0.90 

0.93 

0.94 

0.95 

0.95 

0.96 

0.82 

0.90 

0.93 

0.94 

0.95 

0.95 

0.96 

0.96 

9^9 

in 

0.98 

0.95 

0.96 

0.97 

R^9 

H^9 

mi 

^R9 

■11 

2.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

RR 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

I9R9I 

MI9i 

IHR^I 

1911^9 

IIRRI 

1^991 

II^RI 

mm 

1.00 

1.00 

1,00 

1.00 

1.00 

1.00 

1.00 

1.00 

1^9! 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

7.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 
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TABLE  A-8. EXPERIMENTAL  VEUDCITY  DISTRIBUTION 
IN  WAKE  OF  MODEL  H 


6  8  MO  12  116  20 


1.00 


1.00 


0.99 


0.99 


0.99 


0.96  0.95  0.95 


0,89  0.92  0.93 


0.79  0.90  0.91 


0.74  O.gS  0.90 


0.79  0.90  0.91 


0.39  0.92  0.93 


0.96  0.95  0.95 


1.00 


1.00 


0.99 


0.93 


0.93 


2.00 

0.99 

0.99 

0.99 

0.93 

0.93 

0.93 

0.97 

HR 

0.93 

0.93 

0.93 

0.97 

0.96 


0.95  0.95  0.96  0.96  0.96 


0.95  0.94  0.94  0.95  0.95 


0.92  0.93  0.94  0.95  0.95 


0.93  0.93  0.94  0.95  0.95 


0.92  0.93  0.94  0.95  0.95 


0.95  0.94  0.94  0.95  0.95 


0.95  0.95  0.96  0.96  0.96 


0.96  0.96  0.96  0.97  0.96 


0.93 


2.00 

0.99 

0.99 

0.99 

0.99 

0.93 

0.93 

0.93 

0.97 

2.67 

0.99 

0.99 

0.99 

0.99 

0.99 

0.93 

0.93 

0.93 

BIH 

0.99 

0.99 

0.99 

0.99 

0.99 

0.93 

VKS 

1.00 

0.99 

0.93 

HIHI 

5.67 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

TABLE  A- 


9.  EXPERIMENTAL  VELOCITY 
IN  WAKE  OF  MODEL  I 


DISTRIBUTION 


2 

4 

6 

8 

10 

12 

16 

20 

7.67 

1  .00 

1 .00 

1.00 

1  .00 

1 .00 

1  .00 

1  .00 

5.67 

1  .00 

1  .00 

1  .00 

1  .00 

1  .00 

1  .00 

1  .00 

4.67 

1  .00 

1  .00 

1.00 

1.00 

1 .00 

1  .00 

1  .00 

1.00 

1 .00 

1  .00 

1.00 

1.00 

1  .00 

1  .00 

1 .00 

1  .00 

3.33 

1.00 

1  .00 

1  .00 

1  .00 

1  .00 

o 

o 

• 

1  .00 

li.oo 

2.67 

1 .00 

1  .00 

1  .00 

1 .00 

1  .00 

1 .00 

1  .00 

1.00 

2.00 

1  .00 

1  .00 

o 

o 

• 

1.00 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.97 

0.96 

0.97 

IS 

0.96 

0.96 

0.98 

0.97 

0.95 

0.95 

0.95 

0.95 

0.96 

0.80 

0.93 

0.93 

0.93 

0.94 

0.94 

0.94 

0.95 

0.96 

0.53 

0.84 

0.88 

0.90 

0.92 

0.93 

0.93 

0.94 

0.96 

0.84 

0.88 

0.92 

0.92 

0.92 

0.93 

0.95 

0 

0.81 

0.86 

H9 

0.90 

0.92 

0.93 

0.95 

0.27 

0.75 

0.84 

0.88 

0.92 

0.92 

0.92 

0.93 

0.95 

0.53 

0.84 

0.88 

0.90 

0.92 

0.93 

0.93 

0.94 

0.96 

1.00 
1  .00 


35 


1 .00 
1.00 
1 .00 


1  .00 
1  .00 
1  .00 


1  .00 
1  .00 
1  .00 


I 


TABLE A-ia EXPERIMENTAL  VELOCITY  DISTRIBUTION 
IN  WAKE  OF  MODEL  J 


2  4 

6 

8 

10 

12 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1-00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

0.99  1.00 

0.97 

0.97 

0.97 

0.97 

0.99  0.99 

0.94 

0.95 

0.95 

0.95 

0.9«  0.95 

0.90 

0.93 

0.93 

0.93 

0.84  0.86 

0.90 

0.90 

0.91 

0.91 

0.71  0.79 

0.89 

0.86 

0.90 

0.90 

0.66  0.75 

0.88 

0.85 

0.89 

0.90 

0.71  0.79 

0.89 

0.86 

0.90 

0.90 

0.84  0.86 

0.90 

0.90 

0.91 

0.91 

0.98  0.95 

0.90 

0.93 

0.93 

0.93 

0.99  0.99 

0.94 

0.95 

0.95 

0.95 

0.97 

0.97 

0.97 

IHRfli 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

-1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1.00 

1.00 

1.00  1.00 

1.00 

1.00 

1  00 

1.00 

16 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.99 


0.96 


0.95 


0.95 


0.94 


0.93 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


20 


1.00 


1.00 


1.00 


1.00 


1.00 


0.99 


0.9S 


0.96 


0.95 


0.96 


0.95 


0.95 


0.95 


0.95 


0.96 


0.95 


0.96 


8 


0.99 


1.00 


1.00 


1.00 


1.00 


1.00 


TABLE  A-11.  EXPERIMENTAL  VELOCITY 
IN  WAKE  OF  MODEL  K 


DISTRIBUTION 


Vd 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.99 


0.99 


0.96 


0.^5 


0.76 


0.71 


0.76 


0.85 


0.96 


0.99 


0.99 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


6 

8 

10 

12 

16 

18 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.0) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.99 

1.00 

0.99 

0.99 

0.99 

0.98 

0.98 

0.97 

0.96 

0.97 

0.97 

0.95 

0.96 

0.95 

0.95 

0.95 

0.93 

0.92 

C.93 

0.93 

0.94 

0.94 

0.88 

0.91 

0.90 

0.92 

0.93 

0.94 

0.83 

0.86 

0.86 

0.90 

0.93 

0.93 

0.83 

0.86 

0.85 

0.88 

0.92 

0.92 

0.83 

0.86 

0.86 

0.90 

0.93 

0.93 

0.88 

0.91 

0.90 

0.92 

0.93 

0.94 

0.93 

0.92 

0.93 

0.93 

0.94 

0.94 

0.97 

0.95 

0.96 

0.95 

0.95 

0.95 

Q.99 

0.98 

0.98 

0.97 

0.96 

0.97 

1.00 

1.00 

0.99 

1.00 

0.99 

0.99 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1. 00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1-00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0<l< 


TABLE  A-12.  EXPERIMENTAL 
IN  WAKE  OF 


VELOCITY 
MODEL  L 


DISTRIBUTION 


2 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.99 


0.99 


0.97 


0.68 


0.72 


0.66 


0.72 


0.88 


0.97 


0.99 


0.99 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.99 


0.99 


0.96 


0.90 


0.77 


0.71 


0.90 


0.96 


0.99 


0.99 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


6 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.98 


0.95 


0.90 


0.90 


0.87 


0.88 


0.90 


0.90 


0.95 


0.9S 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


8 

10 

12 

l.OQ 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

l.oO 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

I3EHI 

0.97 

0.98 

0.98 

0.94 

0.96 

0.95 

0.91 

0.93 

0.93 

0.89 

0.90 

0.91 

0.88 

0.86 

0.90 

0.89 

0.83 

0.90 

0.88 

Hfli 

0.90 

0.89 

0.90 

0.91 

0.91 

0.93 

0.93 

0.94 

0.96 

0.95 

0.97 

0.98 

0.98 

1.00 

1.00 

0.99 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.94 


0.94 


0.94 


0.95 


0.99 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.94 


0.95 


0.95 


0.96 


0.99 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 
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FIGA-7 EXPERIMENTAL  AND  THEORETICAL  VELOCITY  DISTRIBUTION  IN  WAKE  OF  HOLLOW  HEMISPHERE 
(CUP  BACKWARD) - MODEL  G 

•  experimental  points  experimental  X 

- THEORETICAL  CURVE  WAKE  WIDTH  :  EMPIRICAL  ,  ONE  LINE  APPROXIMATION - 


UNDER - MODEL  H 
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AFTERBODY  NO  2 — MODEL  J 

•  EXPERIMENTAL  POINTS  EXPERIMENTAL  x 

-  THEORETICAL  CURVE  WAKE  WIDTH  :  EMPIRICAL  , ONE  LINE  APPROXIMATION 
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FIG  A-15.  EXPERIMENTAL  WAKE  WIDTH  OF  MODEL  C 

ONE  LINE  APPRCWMAriON - 


TWO  UNE  APPROWMATION - 


FIG  A-16.  EXPERIMENTAL  WAKE  WDTH  OF  MODEL  D 
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FIG  A-17  EXPERIMENTAL  WAKE  WIDTH  OF  MODEL  E 

ONE  LINE  APPROXIMATION - 

TWO  LINE  APPROXIMATION - 


x/b 

FIG  A-ia  EXPERIMENTAL  WAKE  WIDTH  OF  MODEL  F 
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J3|a  CD  -Qlo: 


X/D 

/V19.  EXPERIMENTAL  WAKE  WIDTH  OF  MODEL  G 

ONE  LNE  APPROXIMATION - 


r  Y 

FIG  A-2a  EXPEFilMEI^L  \AAKE  WIDTH  OF  MODEL  H 


FIG  A21.  EXPERIMENTAL  WAKE  WIDTH  OF  MODEL  I 


ONE  LINE  APPROWMAllON 


RG  A-22.  EXPERIMENTAL  WAKE  WIDTH  OF  MODEL  J 
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ONE- LINE  APPROX. -  X/D 

TWO-LINE  APPROX. - 

FIG  A-25 CENTERLINE  VELOCITY  FIG  A-2a  CENTERLINE  VELOCITY 

DEFECTS  OF  MODEL  A  DEFECTS  OF  MODEL  B 
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•03^  3  4  5  6  7  8  10  15  20  ’2  3  4  5  6  7  8  10  15  J 

X/C  ONE-UNE  APPROX. - 

TWO-LWE  APPROX. - 

FIG  A-29.  CENTERLINE  VELOCITY  FIG  A-30.  CENTERLINE  VELOCITY 

DEFECTS  OF  MODEL  E  DEFECTS  OF  MODEL  F 


ONE  LINE  APPRCK. -  X/D 

FIG  A35.  CENTERLINE  VELOCITY  FIG  A-3a  CENTERLINE  VELOCITY 

DEFECTS  OF  MODEL  K  DEFECTS  OF  MODEL  L 


